Conformational Flexibility of Glycosylated Unstructured Peptides  by Bollmann, Stefan et al.
Sunday, February 26, 2012 9aSymposium: Biological Insights from Systems
Approaches to Protein Networks
44-Symp
Functional Dissection of Dynamic Molecular Networks in Innate
Immunity
Giulio Superti-Furga.
CeMM - Research Center for Molecular Medicine of the Austrian Academy
of Sciences, Vienna, Austria.
Innate immune processes are very much centered on the management of molec-
ular interactions. A variety of activities demand it: Detection of pathogens and
danger signals, distinction of self- from non-self molecules, signaling to initiate
both transcriptional and non-transcriptional responses, neutralization of patho-
gens, resolution of infection and inflammation. In the dynamic course of innate
immune responses, one can roughly distinguish between a first alarm-calling
phase leading to the secretion of type I interferons and pro-inflammatory cyto-
kines and a response and execution phase duringwhichpathogens are neutralized,
presented to cells of the adaptive immune system, and the alarm is switched off.
Using affinity proteomics coupled to mass spectrometry, bioinformatics, patho-
gen infections, RNAi and gene inactivation in mice for selected cases, we have
step-wisemapped the cellular proteins involved in these processes andmonitored
interactions among themselves as well as with perturbing proteins from invading
pathogens.We have also used pathogen-associated molecular patterns as affinity
baits tomap the cell’s recognitionmachinery. Overall, we have obtained an over-
view of the dynamic assembly, disassembly and regulation of several protein
complexes essential for innate immunity, such as the IFIT, TLRandNLRPs com-
plexes as well as on the logic that a variety of different pathogens use to overturn
cellular processes to their own advantage. Comprehensive and time-resolved
maps ofmolecular interactions under defined inflammatory and infectious condi-
tions in the future will help obtained a more detailed understanding of the innate
immunity programs. From a biochemical and systems-biological point of view it
is already clear that subtle calibration of accurate molecular interactions is of
uttermost importance for the cell to safeguard its homeostasis in face of perilous
environmental challenges such as pathogen infections.
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Systems biology has shown great promise in providing a better understanding
of human disease, and in identifying new disease targets. Nonetheless, it re-
mains extraordinarily difficult to identify causal genes in most genetic diseases,
in particular highly polygenic disorders, such as, for example, coronary artery
disease, diabetes, and autism, for which current approaches are most limited.
I’ll discuss our progress on this problem, which builds upon the tendency for
many genetic disorders to relate to disfunction of specific biological modules,
such as protein complexes or pathways. Our strategies include computational
and experimental methods for mapping disease-relevant protein complexes,
and an unusual computational approach for identifying candidate genes for dis-
eases, based on identifying suprising disease models, including a yeast model
for angiogenesis defects. These studies reveal functionally coherent, evolution-
arily conserved gene networks–many predating the plant-animal divergence–
capable of identifying candidate disease genes.Symposium: Biophysics of Membrane Fusion
and Fission
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Sandra Schmid, Juha-Pekka Mattila, Sylvia Neumann, Ya-Wen Liu.
Scripps Research Institute, La Jolla, CA, USA.
Dynamin, best studied for its role in clathrin-mediated endocytosis, is the proto-
typical member of a family of multi-domain GTPases involved in fission and re-
modeling of multiple organelles. Recent studies have shown that dynamin alone
can catalyze fission ofmembrane tubules and vesicle formation fromplanar lipid
templates, albeit inefficiently.We have recently proposed a two-stagemodel for
dynamin-catalyzed fission (1). In stage one, mechanochemical activities of
assembled dynamin helices induce localized curvature stress. In stage two the
tightly packed lipid-interacting pleckstrin homology domains create a catalytic
center that guides lipid remodeling through hemi-fission intermediates to drive
membrane fission. Guided by recent X-ray crystallographic (2,3,4) and cryo-EM (4) structural studies of dynamin, we have been using site-directed fluores-
cent labeling of dynamin to the study nucleotide-dependent conformational
changes required for dynamin-catalyzed fission. We have also identified dyna-
min partners that function synergistically with dynamin to catalyze membrane
fission from SUPER templates. Together these studies shed new light on the
mechanisms underlying dynamin-catalyzed membrane fission.
1) Frolov and Schmid, Ann. Rev. Cell and Dev. Biol. 2011. PMID: 21599493
2) Ford, M.G.L.J., S. Jenni and J. Nunnari. 2011. Nature doi. 10.1038/
nature10411.
3) Faelber, K., Y.Posor, S. Gao, M. Held, Y. Roske, D. Schultz, V. Haucke, F.
No´e, O. Daumke. 2011. Naure doi: 10.1038/nature10369.
4) Chappie, J.S., J.A. Mears, S. Fung, M. Leonard, S.L. Schmid, R.A. Milligan,
J.E. Hinshaw and F. Dyda. 2011. Cell 147:209-222.
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Imaging the Nanometer-Scale Architecture of Microvesicle Release
and Recapture
Justin W. Taraska.
NHLBI, NIH, Bethesda, MD, USA.
After exocytosis, vesicle components that are lost into the plasma membrane
must be retrieved into the cell. Models of endocytosis propose that endocytic
proteins sequentially assemble onto vesicle proteins destined for recapture.
We are monitoring the post-fusion behavior of microvesicle proteins in living
neuroendocrine cells with three forms of microscopy: multi-color total-internal
reflection fluorescence (TIRF) microscopy, interferometric photo-activation lo-
calization microscopy (iPALM), and electron microscopy. With these methods,
we are tracking the nanometer-scale molecular architecture of microvesicle
release and recapture during calcium-triggered membrane fusion. Our results
provide a topographic map for the molecular components that corral, capture,
and recycle exocytic material from the cell surface in excitable cells.
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Calcium-Dependent Turnover of the Cardiac Sarcolemma Analyzed by
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Donald Hilgemann, Michael J. Fine, Hao-Ran Wang, Mei-Jung Lin.
University of Texas Southwestern Medical Ctr, Dallas, TX, USA.
We have described two types of massive Ca-activated endocytosis (MEND) in
fibroblasts, HEK293 cells and cardiac myocytes (JGP, 137, Numbers 1 and 2,
2011). On the one hand, large Ca transients can promote subsequent internaliza-
tion of>50% of the cell surface by mechanisms that require PIP2 synthesis. On
the other hand, large Ca transients can promote internalization of >50% of the
cell surface without PIP2, in the presence of high cytoplasmic Ca, when the cy-
toplasmic polyamine content is increased. BothMENDforms appear to internal-
ize selectively membrane with a high content of liquid-ordered (Lo) domains,
and neither MEND form uses classical endocytic proteins. To probe the physio-
logical function of these and other endocytic mechanisms, we developed a non-
invasive method to monitor capacitance in intact cardiac tissues, and we have
combined this method with optical methods to monitor the disposition of trans-
porterswith respect to the sarolemma (e.g.Na/Ca exchangers via an extracellular
pHluorin fusion). Using right ventricular strips from young adult mice, large-
diameter (0.5 mm) pipettes are placed on the tissue surface, and transcellular
voltage gradients are generated in tissue below the tip by sinusoidal voltage
oscillations at frequencies of 10 to 100 kHz. Tentatively, we have identified
a large membrane pool that can be inserted into the sarcolemma by cAMP-
and Ca-dependent processes. These insertion processes are countered over
time by large-scale retrieval processes that depend on ornithine decarboxylase
activity (i.e. require synthesis of polyamines under b-adrenergic control).
Further consistent with an important physiological role of MEND-related endo-
cytic mechanisms, lysophosphatidylcholine’s and other amphipaths can pro-
mote large-scale membrane retrieval in intact cardiac tissue. Advantages and
potential pitfalls of the new electrophysiological methods will be discussed.
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Stefan Bollmann1, Anne Burgert1, Carolin Plattner2, Lilly Nagel2,
Norbert Sewald2, Marc Lo¨llmann2, Markus Sauer1, So¨ren Doose1.
1Wuerzburg University, Wuerzburg, Germany, 2Bielefeld University,
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Glycosylation of proteins plays an important role in molecular recognition
among proteins with implications for a variety of cellular processes. The
large amount of glycan variants enables interactions of exquisite specificity.
Glycoproteins often are partially or fully disordered and intrinsically
10a Sunday, February 26, 2012unstructured regions in proteins are known for mediating many protein-protein
or protein-nucleotide interactions during regulation of transcription, transla-
tion, and cellular signal transduction. The question arises how conjugated gly-
cans influence protein and peptide conformational dynamics and by that modify
their biological activity. We compare the conformational dynamics of unstruc-
tured polypeptides consisting of eight glycine-serine repeat units with and
without glycosylated serine units. We synthesized glycine-serine repeats with
O-conjugated beta-galactose at every serine residue by solid-phase synthesis
with glycosylated dipeptides as building blocks. Introducing an organic oxazine
dye and tryptophan at either end of these peptides allows measurements of
end-to-end contact kinetics. Upon van-der-Waals contact between dye and
tryptophan fluorescence is quenched by photo induced electron transfer
(PET). Fluorescence intensity fluctuations are analyzed using fluorescence
correlation spectroscopy (FCS) and contact formation rate constants are deter-
mined. We studied influences from solvent viscosity and temperature on end-
to-end contact formation rates and found a decrease of rate constants upon
glycosylation. Arrhenius analysis of end-to-end contact rates yields enhanced
activation energy for the glycosylated sample. The viscosity dependence of
the relaxation rates shows that contact formation still is viscosity controlled.
This study confirms previous reports that glycosylation has a significant influ-
ence on peptide dynamics mostly through steric hindrance.
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Transient Tertiary Contact Formation in the CGRP Neuropeptide
Revealed by Nanosecond Laser Spectroscopy
Sara M. Sizemore1,2, Stephanie M. Cope1,2, Sandip Shinde3,
Giovanna Ghirlanda3, Sara M. Vaiana1,2.
1Center for Biological Physics, Arizona State University, Tempe, AZ, USA,
2Department of Physics, Arizona State University, Tempe, AZ, USA,
3Department of Chemistry and Biochemistry, Arizona State University,
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Calcitonin gene-related peptide (CGRP) is an intrinsically disordered, 37 residue
neuropeptide that acts as a potent vasodilator, which is of considerable interest in
migrane research. It is a member of the calcitonin peptide (Ct) family, together
with amylin, calcitonin and adrenomedullin. These are genetically and structur-
ally related intrinsically disordered hormone peptides that are able to bind to each
other’s receptors, though with varying degrees of affinity. They contain highly
conserved sequence elements that have been experimentally shown to affect
the secondary structural preferences of these peptides. The effect of such con-
served elements on tertiary structure has not been experimentally explored to
the same extent. Detecting tertiary structural properties of IDPs is considerably
more challenging due to fast reconfigurations of the backbone over a wide range
of possible conformations. High resolution time-resolved techniques are needed.
We use a nanosecond-resolved spectroscopic technique based on tryptophan
triplet quenching by cystine to detect tertiary contact formation in CGRP under
varying solvent and temperature conditions. Using this technique, Vaiana et al.1
have previously shown that conserved structural elements of amylin induce
compact states characterized by short end-to-end distances, and that compac-
tion is not driven by hydrophobic side-chains. Using triplet quenching we ex-
plore the effect of these conserved elements on the conformation and dynamics
of CGRP, a peptide with higher mean hydrophobicity and net charge per resi-
due than amylin. We discuss our findings in relation to secondary structural
preferences of these peptides and discuss their possible functional role.
Footnote
1 Vaiana S.M. et al. Biophys. J. 97 2009.
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Single Molecule Study of the Intrinsically Disordered FG-repeat
Nucleoporin 153
Sigrid Milles, Edward A. Lemke.
EMBL, Heidelberg, Germany.
The megaDalton sized nuclear pore complexes (NPCs) are among the largest
molecularmachines in eukaryotic cells. They span the nuclear envelope and con-
stitute the only transport conduit between nucleoplasm and cytoplasm.Multiple
copies of roughly a dozen different natively unfolded proteins form a selective
permeability barrier inside the NPC and take a central role in the vital nucleocy-
toplasmic transport mechanism. Other than reoccurring phenylalanine-glycine
elements (FG-repeats), these Nucleoporins (FG-Nups) have only limited se-
quence similarity among each other and across species. Still, they constitute
a complex and distinct non-random amino acid (AA) architecture of FG-
repeat clusters and intra-FG linkers. How such heterogeneous sequence compo-
sition relates to function and could actually give rise to a transport mechanism is
still unclear. Currently a better understanding is largely hampered by our limited
ability to study such highly flexible and intrinsically disordered proteins/protein
domains. Here we describe a combined chemical biology and single moleculefluorescence approach to study the large human Nup153 FG-domain. in order
to obtain insights into the properties of this domain beyond the average behavior,
we probed the end-to-end distance (RE) of several, approximately 50 residues
long FG-repeat clusters in the context of the whole protein domain. Despite
the sequence heterogeneity of these FG-clusters, we detected a reoccurring
and consistent compaction from a relaxed coil behavior under denaturing condi-
tions (RE/RE,RC = 0.995 0.15with RE,RC corresponding to ideal relaxed coil be-
havior) to a collapsed state under native conditions (RE/RE,RC = 0.795 0.09).
We then analyzed the properties of this protein on the supramolecular level,
and determined that this human FG-domain was in fact able to form a hydrogel
with physiological permeability barrier properties, i.e. nuclear transport cargos
readily partition into the gel, while inert cargos do not.
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Electrostatics and Intrinsic Disorder: A Single-Molecule Study of the Sic1
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2Molecular Structure and Function Program, Hospital for Sick Children,
Toronto, ON, Canada, 3Department of Biochemistry, University of Toronto,
Toronto, ON, Canada.
Intrinsically disordered proteins (IDPs) play critical yet often poorly understood
roles in a variety of cellular processes. Despite an apparent antagonism between
structural disorder and protein recognition, the large number of IDPs involved in
protein regulation suggests that they could in fact provide advantages in recog-
nition over well-folded proteins. Sic1 is an IDP inhibitor of a cyclin dependent
kinase (CDK) in yeast, which interacts with a single site on its acceptor Cdc4
only upon phosphorylation of its multiple dispersed CDK sites. The multiple
phosphorylation events can in principle be the basis for ultrasensitivity in
protein-protein binding, however its molecular basis remains elusive1.
We performed a systematic study of the Sic1’s fluctuating conformations in dif-
ferent salt and denaturant concentrations using single-molecule Fo¨rster energy
transfer (smFRET) and fluorescence correlation spectroscopy (FCS). smFRET
data suggests that Sic1 protein is comprised of a continuum of conformers with
varying end-end distances. Denaturant titration measurements suggest that
these conformers are characterized by non-cooperative interactions. From
FCS experiments, the exchange between Sic1 conformational states was found
to occur on both ultrafast (10-100 ns timescale) and slow (10-100 ms) time-
scale. Burst smFRET experiments show that Sic1’s end-end distances do not
vary significantly upon addition of salt, which suggests that charge-shielding
by salt may only affect the structure locally, around charged amino acids.
Our single-molecule data resolves conformational heterogeneity and dynamics
in a model IDP protein and represent the first step towards the validation of the
polyelectrostatic model of the Sic1-Cdc4 interaction2.
(1) Nash, P., Tang, X., Orlicky, S., Chen, Q., Gertler, F. B., Mendenhall, M. D.,
Sicheri, F., Pawson, T., Tyers, M. Nature 2001, 414, 514.
(2) Borg, M., Mittag, T., Pawson, T., Tyers, M., Forman-Kay, J. D., Chan, H. S.
Proc. Natl. Acad. Sci. USA 2007, 104, 9650.
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Integrating Theory, Simulations and Experiments to Reveal the
Recognition-Specific Pathways in the Nuclear Co-Activator Binding
Domain Ensemble
Arvind Ramanathan1, Virginia M. Burger2, Andrej J. Savol2,
Christopher B. Stanley1, Pratul K. Agarwal1, Chakra S. Chennubhotla2.
1Oak Ridge National Lab, Oak Ridge, TN, USA, 2University of Pittsburgh,
Pittsburgh, PA, USA.
The nuclear receptor co-activator binding domain (NCBD) selectively recruits
transcription co-activators (TCAs) during the formation of the transcription
pre-initiation complex. However, the biophysical mechanisms of NCBD:TCA
recognition remain unclear as both NCBD and several of its corresponding
TCAs are intrinsically disordered. We therefore probed the conformational di-
versity of the apo- and holo-forms of NCBD using all-atom, explicit solvent mo-
lecular dynamics simulations (~100 m1/4s) and small-angle neutron scattering
experiments. We integrated theory, simulations and experiments into a unified
framework called anharmonic conformational analysis (ACA). ACA identifies
a hierarchy of conformational sub-states, intermediates and pathways that play
a key role in NCBD:TCA
recognition. The transitions
between sub-states can be
modeled by a bent paperclip,
whose arms correspond to
helices, a1-a2-a3. The
pathways reveal that a1
and a2 adopt conformations
